Implant-retained restorations are becoming increasingly popular in contemporary dentistry. Practicing implant dentistry is no more limited to periodontists and maxillofacial surgeons and is now attempted by many dental clinicians with different levels of expertise and skills for management of simple and complex cases. Use of navigation systems has been suggested to decrease operator errors and prevent unwanted consequences such as bone perforation, injury to the vessels and nerves, traumatizing the adjacent teeth, or unintentional entry into the maxillary sinus cavity. There is more to implant dentistry than just bone drilling and insertion of implant into the prepared hole, and taking into account the prosthetically optimal three-dimensional (3D) position of implant is necessary for favorable function and aesthetics.
Implant-retained restorations are becoming increasingly popular in contemporary dentistry. Practicing implant dentistry is no more limited to periodontists and maxillofacial surgeons and is now attempted by many dental clinicians with different levels of expertise and skills for management of simple and complex cases. Use of navigation systems has been suggested to decrease operator errors and prevent unwanted consequences such as bone perforation, injury to the vessels and nerves, traumatizing the adjacent teeth, or unintentional entry into the maxillary sinus cavity. There is more to implant dentistry than just bone drilling and insertion of implant into the prepared hole, and taking into account the prosthetically optimal three-dimensional (3D) position of implant is necessary for favorable function and aesthetics.
Most patients and clinicians prefer using simple and fast surgical techniques such as implant placement without flap elevation. As a result, the majority of clinicians prefer flapless surgical techniques to flap surgery under suitable circumstances. The flapless technique has several advantages, including shorter duration of surgery, greater patient comfort, less bleeding, not requiring sutures, less tissue trauma not requiring the separation of periosteum from bone, and no manipulation of the bone vascular supply. However, the flapless approach is only recommended for cases with available bone beyond the implant site or when the skills and expertise of the surgeon minimize the risk of bone perforation and injury to the adjacent anatomical landmarks. Flapless implant placement enables and enhances immediate prosthesis fabrication because bleeding can be Keywords ► implant ► guided surgery ► flapless approach
Abstract
Application of surgical stents for implant placement via guided flapless surgery is increasing. However, high cost, need for some professional machines, and not taking into account the soft-tissue parameters have limited their application. We sought to design and introduce a technique named in-office guided implant placement (iGIP) to decrease the cost by using available devices in office and enhance the applicability of surgical stents. A customized surgical stent was fabricated based on prosthetic, softand hard-tissue parameters by taking into account the amount of available bone (using the computed tomographic [CT] data), soft-tissue thickness and contour (using a composite-covered radiographic stent), and position of the final crown (by diagnostic cast wax up and marking the final crown position with composite). The efficacy of iGIP, in terms of the accuracy of the three-dimensional position of the implant placed in the study cast and in patient's mouth, was confirmed by direct observation and postoperative CT. The iGIP can enhance implant placement in the prosthetically desired position in various types of edentulism. Using this technique minimizes the risk of unwanted consequences, as the soft-tissue thickness and contour are taken into account when fabricating a surgical stent. more easily controlled, and due to less tissue trauma and absence of sutures, impressions may be made more easily and accurately.
1
Several methods are available to assist surgeons in this process and use of 3D imaging is a necessary requirement for all of them.
2 Using 3D imaging of bone and computer-assisted reconstruction of images, special surgical stents can be fabricated that allow the surgeons to determine the accurate 3D position of implant to be placed without the need for flap elevation.
3
Several navigation systems are available for guided implant surgery with controversial reports regarding their efficacy in the laboratory and clinical setting. 4 All these systems increase the speed and accuracy of surgery to a great extent; however, many problems associated with their use limits their application. They are expensive and require special equipment and technology. They mostly need advanced laboratory equipment and do not consider the soft-tissue profile, and many of them have been designed for special implant systems only. 5, 6 This may explain the reports regarding technical problems in treatment planning and preoperative errors.
7,8
Herein, we present an easy-to-use, efficient guided system that is compatible with all the conventionally used implant systems. It enables easy fabrication of a surgical guide for guided implant placement by using data obtained from 3D cone beam computed tomography (CBCT), diagnostic casts, and commonly available laboratory equipment.
Materials and Methods
The following are the in-office guided implant placement (iGIP) steps:
1. Fabrication of a diagnostic cast 2. Wax up of the missing teeth according to prosthodontic parameters 3. Fabrication of a radiographic stent 4. Obtaining a CBCT scan along with the radiographic stent in place 5. Fabrication of a working cast 6. Determining the 3D implant position on the working cast 7. Fabrication of surgical stent These steps are briefly discussed as follows:
1. Fabrication of a diagnostic cast: Primary impression was made with alginate impression material (Alginoplast fast set; Heraeus Kulzer GmbH, Hanau, Germany) using a dentate impression tray and poured with type 3 dental stone (Mold stone type 3; PARS DENTAL Co., Iran). The diagnostic cast was fabricated as such. 2. Wax up of the missing teeth according to prosthodontic parameters: A full wax up of the missing teeth in the edentulous regions was performed on the diagnostic cast using modeling wax (Star wax CB; Dentaurum Co., Germany), according to the prosthetic parameters. 3. Fabrication of a radiographic stent:
a. Wax up of the radiographic stent was also performed on the diagnostic cast using modeling wax (Cavex Set Up regular modeling wax; Cavex Holland B.V., Haarlem, the Netherland). The stent margins were extended up to the depth of vestibule in the edentulous areas and over the crown margins of the adjacent teeth. The modeling wax was merged with the wax up and an acrylic model was fabricated by flasking and injection of clear, heat-cure acrylic resin (Meliodent; Heraeus-Kulzer GmbH, Wehrheim, Germany; ►Fig. 1). b. Preparation of reference markers on the radiographic stent: Using a fissure bur (HM 33 701; Meisinger Co., Hansemannstr, Neuss, Germany), a 1-mm deep groove was prepared in the middle of the mesiodistal width of the formed crowns at the most suitable location for the sagittal view of the 3D tomographic imaging. The groove was marked by applying flowable composite resin (Heliomolar Flow, Ivoclar Vivadent Co., Amherst, NY; ►Fig. 2) and subsequent light curing (Aria Luxe Blue Pess; T. Apadana Co., Iran). Using a rotary bur (HM 487 GX; Meisinger Co., Germany) and strong series micromotor handpiece (Saeshin Precision Co., Daegu, Korea), a thin layer was removed from beneath the radiographic stent at the edentulous areas and after ensuring there was no contact between the acrylic and patient's gingival mucosa, a layer of flowable composite was applied beneath the stent. Radiographic stent was placed in the patient's mouth and the flowable composite was polymerized using UV light curing unit (Aria Luxe Blue Pess; T. Apadana Co., Iran) for 20 seconds. 4. Obtaining a CBCT scan along with the radiographic stent in place: A 3D tomogram was obtained with the radiographic stent in patient's mouth. Using the composite marker in the groove prepared on crowns, an optimal tomographic section was chosen for the assessment of bone and softtissue structures. In the cross-sectional view, the composite laid beneath the radiographic stent indicates the outer surface of the soft tissue (►Fig. 3). 5. Fabrication of surgical stent: Another impression was made from patient's mouth using additional silicon impression material (Monopren; Kettenbach Co., Germany) and poured with dental stone (type IV stone; GC Co., Belgium).
After completion of the setting time, several parallel dowel pins were placed in the impression using the Pindex method to provide a master cast with individually removable dies at the site of hypothetical implants. The base was then poured with dental stone (►Fig. 4). 6. Determining the 3D implant position on the working cast:
a. Determination of the center of implant placement: A round-end fissure bur (NO 882; Teeskavan Co., Iran) was inserted into the crown center along the longitudinal axis of the crown until reaching the cast surface. The tip of a pin was soaked with fit checker and inserted into the created path to mark the prosthetically optimal point for implant placement at the center of the final crown. Three sections were made at the center of the marked area to provide individually removable segments (►Fig. 5). b. Determination of the bucco-palatal direction of implant insertion: A transparent sheet was superimposed on the tomogram of the implant site and fixed. The internal borders of the soft tissue and external borders of bone were outlined on the sheet. Using the lateral view of the crown and bone, the best bucco-palatal position for implant insertion was determined by drawing a line. The coronal point of the line corresponded to the predetermined central point (►Fig. 6). The transparent sheet was cut along the soft-tissue indicator line and the remaining piece was adapted to the sectioned cast. The bone indicator lines and the hypothetical long axis of the implant were also transferred to the cast. Considering the preset mesiodistal and buccolingual position of implant and the direction of its long axis, the osteotomy hole was simulated on the cast using a surveyor and milling machine (Saeshin Precision Co.). The hole measured 2 mm in diameter with a depth at the level of the cast base. To ensure optimal accuracy, the cast was transferred to a surveyor with an analyzer rod along the hypothetical line indicative of the long axis of implant. The surveyor was fixed in this position and the hole was prepared by the milling machine (►Fig. 7). c. Determining the penetration depth of drill: The softtissue thickness, sleeve height, and the size of the possible gap between the sleeve and the underlying soft tissue were transferred to the surgical stent to precisely determine the penetration depth of drill and consequent depth of implant insertion. For this purpose, a horizontal line was drawn tangent to the crestal bone indicator line and perpendicular to the long axis of the implant path. An L-shaped guide was cut out of a plastic sheet in such way that the length of its long arm was 9 mm. The 9-mm length was selected because the drill stopper height was 9 mm in the implant system used (Noble Guide, Noble Biocare Co., Sweden). The short arm of the L-shaped guide was placed on bone crest tangent to the hypothetical horizontal line. The parallel pin was placed in the osteotomy hole parallel to the long arm of In-Office Guided Implant Placement Karami et al. 249
the L-shaped guide (►Fig. 8). The sleeve was fixed to the drill guide using wax. The complex of drill guide and sleeve was placed over the pin and the drill guide shank was fixed to the superior margin of the long arm of Lshaped guide. In other words, the drill guide and sleeve had 9 mm height similar to the length of the long arm of L-shaped guide. Thus, when the drill guide-sleeve was placed on the gingival tissue, the drill stopper corresponded to the coronal position of sleeve and pin guide and the actual height of drill would enter in the bone (►Fig. 9). 7. Fabrication of surgical stent: This was done with two different materials. We used heat-cure acrylic resin (Meliodent heat-curing polymer; Meliodent, Heraeus-Kulzer GmbH, Wehrheim, Germany) and pressure pot in areas other than the surgical site and clear cold-cure acrylic resin (cold-curing polymer; Meliodent, Heraeus-Kulzer GmbH, Wehrheim, Germany) at the site of implant placement. By merging these two components, the sleeve was fixed in the acrylic resin in such a way that the distance from the sleeve crest to the bone crest was 9 mm (►Fig. 10). The polished surgical stent was placed in the patient's mouth and the drilling was completed using guided surgery drills specific for each implant system.
Results
In our pilot study, we used the described technique to place eight implants in three jaw models and eight implants for three patients.
The efficacy of iGIP for implant placement in the model: The cast used for the fabrication of iGIP belonged to a model that required replacement of the maxillary central incisor, first and second premolars, and first molar teeth. The treatment plan comprised dental implant placement at the site of maxillary central incisor, first premolar, and first molar teeth using flapless guided surgery (►Fig. 11).
The efficacy of iGIP for implant placement in patients: ►Fig. 12 shows the iGIP fabrication steps on the cast, guided surgery and accuracy of implant insertion in its predetermined position in posterior, single implant cases. ►Fig. 13 also shows the pre-and post-guided surgery images of single implant placement in the aesthetic zone. Fig. 7 The osteotomy hole was simulated on the cast using a surveyor and milling machine. 
Discussion
Dental implants have entered a new era. In the past, osseointegration of dental implants was the only concern of clinicians; however, at present, despite advances in implantology and easier and faster placement of implants with less complication, clinicians are faced with new challenges due to the complexity of procedures and higher patient expectations. Guided surgery has been the focus of attention of researchers in the recent years due to its numerous advantages for dental implantation.
9 This technique eliminates the need for flap elevation in case of adequate available bone. 5 Flapless surgery is desired by both clinicians and patients due to less pain and discomfort during the initial healing phase. 10 The key point to enhance the precision of guided surgery is accurate transfer of the position of hypothetical implants on the 3D tomogram to the patient's mouth.
11
As the interactive techniques such as the optical tracking system are not commonly used in dental clinics, fabrication of a surgical stent based on a tomogram with radiographic stent is necessary.
12
The previous methods of fabrication of surgical stent were mainly based on the tomographic data of available bone dimensions, and the thickness and anatomy of the soft tissue at the surgical site were not taken into account. Disregarding the soft-tissue thickness, particularly in areas where this thickness reaches 5 mm, can cause errors in the 3D position of implants placed via the flapless surgery. Fig. 9 The schematic view of the pin and the drill in the surgical guide. (a) The sleeve was fixed in a position in which there would be 9 mm distance from its coronal edge to the bone crest level. (b) Therefore, depth of the penetration in bone will be equal to the desired depth of osteotomy hole. In-Office Guided Implant Placement Karami et al. 251
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Evidence shows that the mean accuracy of the position of implants placed with the conventional surgical stents is 1 mm and the deviation of their long axis is 5 degrees.
13
However, a meta-analysis on 19 reports demonstrated the possible deviation from the central point of entry of implant to be 6.5 mm, deviation from the implant apex position to be 6.9 mm, and deviation of the long angle of implant to be 24.9 degrees.
8 However, others have indicated that the maximum error at the central point of entry and apex of implants placed via the guided flapless surgery does not exceed 1.22 to 2 mm.
1
As mentioned earlier, one main reason for such significant differences may be disregarding the soft-tissue anatomy of the implant site. The higher the thickness of soft tissue and the less the adaptation of soft-tissue contour with the underlying bone, the greater the risk of inaccurate results due to the fabrication of a surgical stent based on the available bone observed on tomograms.
In this study, we presented a new iGIP, which is easily accessible for all clinicians. It is fabricated based on the softand hard-tissue data acquired from tomographic imaging of bone and determines the amount of available bone. Moreover, it specifies the outline of soft tissue covering the bone. The latter is particularly important in dimensional equations. Disregarding the soft tissue is one major problem of many previous navigation systems; because in these systems, the implant site and dimensions of the surgical model are determined based on the hardtissue data and after placing the surgical model on the soft tissue (flapless technique) without considering reliable references, risk of errors increases in the three dimensions.
Advantages of iGIP are as follows: Obviously, further studies are required to determine the accuracy of iGIP prior to its extensive application for singletooth and multiple-teeth replacements and full arch reconstruction. Similar to previous devices, fixation of iGIP in a fully edentulous ridge requires special fixation screws.
14

Conclusion
iGIP can be considered for use in dental clinics due to its easy application, affordability, and availability. This device can enhance the safety and efficacy of surgical stents for implant placement via the flapless technique without requiring specific equipment for making prosthetic-driven surgical stent. The main advantage of this device is that it takes into account both the soft-tissue and hard-tissue parameters to determine the optimal 3D position of implants. Future studies are warranted to confirm its higher efficacy in comparison with the conventional techniques. 
